When weanling rats were given 70% casein diet deficient in pyridoxine, they showed marked accumulation of liver lipid consisting mainly of triglyceride (TG) and cholesterol ester (CE). The serum concentrations of phospholipid (PL) and cholesterol (CH) in pyridoxine deficient rats were significantly lower than those in pair-fed controls, but their serum levels of TG and free fatty acid (FFA) were not significantly different from those of controls. A significant inverse relation was shown between the concentration of liver TG and PL of pyridoxine-deficient rats. Measurement of incorporation of radioactivity from [1-14C]acetate into lipid in vivo showed that lipogenesis in the liver of pyridoxine-deficient rats was depressed, although the acetate pool was significantly higher than that in pair-fed controls. The incorporations of radioactivity from [1 -14C]acetate into liver TG and PL in vivo were also lower in pyridoxine deficient rats than in the pair-fed controls, but the ratio of the radioac tivity in liver TG to that in liver PL was higher in pyridoxine-deficient rats than in pair-fed controls. This higher ratio was not due to increased mobilization of serum FFA from extra-hepatic tissues or decreased hydrolysis of liver TG, because labeling of serum FFA and the activity of liver lipase were not significantly different in deficient and control rats. The ratio of total radioactivity in serum TG to that in liver TG was lower in pyridoxine-deficient rats than in pair-fed controls in the latter period of the experiment. Studies were made on the components of PL contributing to liver TG accumulation in pyridoxine-deficient rats. The concentration of liver phosphatidylcholine (PC) was significantly lower in pyridoxine deficient rats than in pair-fed controls. In pyridoxine-deficient liver, only PC showed an inverse correlation with the liver lipid concentration. These results suggest that a decreased concentration of liver PC and impaired secretion of TG from the liver into blood may be responsible for the inverse relationship of liver TG and PL concentrations in pyridoxine 377
Summary
When weanling rats were given 70% casein diet deficient in pyridoxine, they showed marked accumulation of liver lipid consisting mainly of triglyceride (TG) and cholesterol ester (CE). The serum concentrations of phospholipid (PL) and cholesterol (CH) in pyridoxine deficient rats were significantly lower than those in pair-fed controls, but their serum levels of TG and free fatty acid (FFA) were not significantly different from those of controls. A significant inverse relation was shown between the concentration of liver TG and PL of pyridoxine-deficient rats. Measurement of incorporation of radioactivity from [1-14C] acetate into lipid in vivo showed that lipogenesis in the liver of pyridoxine-deficient rats was depressed, although the acetate pool was significantly higher than that in pair-fed controls. The incorporations of radioactivity from [1 -14C] acetate into liver TG and PL in vivo were also lower in pyridoxine deficient rats than in the pair-fed controls, but the ratio of the radioac tivity in liver TG to that in liver PL was higher in pyridoxine-deficient rats than in pair-fed controls. This higher ratio was not due to increased mobilization of serum FFA from extra-hepatic tissues or decreased hydrolysis of liver TG, because labeling of serum FFA and the activity of liver lipase were not significantly different in deficient and control rats. The ratio of total radioactivity in serum TG to that in liver TG was lower in pyridoxine-deficient rats than in pair-fed controls in the latter period of the experiment. Studies were made on the components of PL contributing to liver TG accumulation in pyridoxine-deficient rats. The concentration of liver phosphatidylcholine (PC) was significantly lower in pyridoxine deficient rats than in pair-fed controls. In pyridoxine-deficient liver, only PC showed an inverse correlation with the liver lipid concentration. These results suggest that a decreased concentration of liver PC and impaired secretion of TG from the liver into blood may be responsible for the inverse relationship of liver TG and PL concentrations in pyridoxine Materials. Bovine serum albumin, acetate kinase [EC 2.7.2.1] 230units/mg protein, lysolecithin (LPC), sphingomyelin (SM), lecithin (PC), phosphatidyletha nolamine (PE) and cardiolipin (CA) were obtained from Sigma Chemical Co. Silica gel G and chromotropic acid disodium salt were purchased from Merk Chemical Co., and [1-14C]acetic acid sodium salt (59.5mCi/mmol) from the Radiochemical Centre, Amersham, England. Other chemicals and solvents were commercial products of analytical reagent grade.
Experimental procedures and analyses. As described previously, liver and serum lipids were extracted using the method of Folch et al. (25) . The extract was evaporated to dryness under a stream of nitrogen, and total lipid was weighed and subjected to thin layer chromatography (TLC) on a silica gel G plate with petroleum ether-ethyl ether-acetic acid (80:30:1, v/v) (26) as solvent. Fractions of lipid were located with iodine vapor. Free cholesterol (CH), CE and TG were extracted with a chloroform-methanol (2:1, v/v) mixture (CM-mixture), and PL was extracted with chloroform-methanol-water-formic acid (97:97:4:2, v/v) (27) . CH and CE were measured using the method of Zak (28) and TG was determined by a modification of the method of Van Handel and Zilversmit (29) . PL was measured as inorganic phosphate using the method of Fiske and Subbarow (30) .
FF A in serum was assayed by use of the method of Duncombe (31) . Fatty acid moieties of TG, obtained by saponification of TG using the method of Van Handel, were neutralized with 6% acetate, extracted with CM-mixture and separated by TLC. Protein concentration was determined using the biuret reaction (32) . Experiment 1. Experiment 1 was done to determine the effect of pyridoxine deficiency on the body weight, weights of liver and epididymal adipose tissue and on the lipid contents of the liver, adipose tissue and serum. Pyridoxine-deficient and control rats were killed and their livers and epididymal fat pads were quickly removed. Liver was homogenized in 1.19% KCl while the epididymal fat pad was minced with scissors. Then, total lipid was extracted with CM-mixture. Serum lipid was extracted directly. Lipid was separated by TLC and the various fractions were measured as described above. Lastly, the relation between the TG and PL concentrations of pyridoxine-deficient liver was studied.
Experiment 2. Sodium [1-14C]acetate in saline was injected i.p. into rats at a dose of 51tCi/100g body weight and the rats were killed 15, 30, 60, 120, 180, 240 or 300min later. Their livers were quickly removed and frozen in solid carbon dioxide. Total lipids in the liver and serum were extracted as described above. The extracts were washed five times with 2.03% sodium acetate in saline to remove water-soluble substances and unreacted label and the lipids were then separated by TLC and measured as described above. Experiment 4. Liver PL was separated by TLC on silica gel G with the solvent system of chloroform-methanol-water (70:25:4, v/v) (36) and the fractions of LPC, PC, PE and CA were measured as mentioned above. The statistical correlation between liver total lipid and each component of PL in the liver was then examined.
RESULTS

Experiment 1
The effects of pyridoxine deficiency on growth and the weights and lipid content of the liver and epididymal adipose tissue, are shown in Table 1 . The final body weights of pyridoxine-deficient rats were significantly lower than those of pair fed controls. As described previously (15) , the deficient group also showed relative enlargement of the liver. The total lipid, TG, CH and CE concentrations of the liver were higher in the deficient group than in the pair-fed controls, but the PL contents of the liver were not significantly different in deficient and control rats. The weights and total lipid of the epididymal adipose tissue were significantly lower in the deficient group and the ratio of total lipid in adipose tissue to that in liver was also significantly lower in the deficient group than in the controls.
The effects of pyridoxine deficiency on serum lipid concentrations are shown in Table 2 . In contrast to the higher concentrations of CH and CE in the liver, the CH concentration in the serum was significantly lower in pyridoxine-deficient rats than in pair-fed controls. The serum PL concentration was also significantly lower in the deficient group. Although in, the deficient rats the liver TG level was higher, the levels of TG and FFA in their serum were not significantly different from those of the controls. Figure 1 shows the relationship between the TG and PL concentration of pyridoxine-deficient liver. The regression line, Y=-0.0945X+39.77
(r=-0.702, n=36, p<0.05), indicates that accumulation of TG in the liver of pyridoxine deficient rats is inversely correlated with the PL concentration in the liver.
Experiment 2
The incorporation of [1-14C] acetate into total liver lipid in pyridoxine-deficient and pair-fed control animals is shown in Fig. 2 . Maximum incorporation was observed after 30min in both groups but the incorporation was much lower in the deficient rats than in the pair-fed controls during the 4 hr following injection of the label. The concentrations of acetate in the liver in the two groups were measured to see whether the decreased incorporation in pyridoxine-deficient liver resulted from greater dilution of the tracer with acetate in the pool. As shown in controls. Figure 3 shows the incorporations from [1-14C]acetate into liver TG in the two groups. In both groups the incorporation was maximal 30min after injection of [1 -14C] acetate . Then the radioactivity rapidly decreased in the control group , whereas i t remained almost constant for 5 hr in the deficient group , and it was more than that in the control group after 5 hr. In the deficient group , the incorporation of [1 -14 C]acetate into fatty acid moieties of liver TG was transiently low 2 hr post injection and then increased slowly during the remainder of the observation period (Fig. 3B) lower than that in the controls throughout the observation period (Fig. 4) . The ratio of total radioactivity in TG to that in PL in the liver of pyridoxine-deficient rats was higher than that in pair-fed controls during the experiment (Table 4) . As shown in Fig. 5 , incorporation of the label into serum TG in deficient rats was lower than in controls 30min after injection of the label, but their incorporation of the label into serum FFA was similar to that in the controls. These findings suggested that Table 5 . Ratios of total radioactivity of serum triglyceride to that of liver triglyceride in pyridoxine-deficient and pair-fed control rats at different times after i.p. injection of
a The serum volume was calculated as 4 .04ml/100g body weight (44) .
increased inflow of FFA from extra-hepatic tissues into the liver is not responsible for the higher TG/PL ratio in the deficient group.
Experiment 3
Liver lipase activity in pyridoxine-deficient rats was not significantly lower than in the pair-fed controls (Table 6 ). Therefore, the higher TG/PL ratio of in corporation in the liver of deficient rats (Table 4) was not due to decreased hydrolysis of liver TG.
Experiment 4
Studies were made to see whether any component contributed to accumulation of liver TG in pyridoxine-deficient rats. The concentration of PC in the liver was significantly lower in deficient rats than in pair-fed controls, but the liver con centration of PE of the former tended to be higher (Table 7) . Of these components of PL, only the PC concentration showed a significant inverse correlation with the lipid content in pyridoxine-deficient liver (Y=-0.723X+20.836, r=-0.6237, n=12, p<0.05) (Fig. 6 ).
DISCUSSION
A common response to injury of the liver is abnormal accumulation of fat in parenchymal cells. In rats, a 70% casein pyridoxine-deficient diet has been shown to result in accumulation of TG and CE in the liver, along with low . serum concentrations of PL and CH. Accumulation of liver TG could be due to increased TG synthesis in the liver, enhanced transport of FFA from extra-hepatic tissues to the liver, increased uptake of TG from the circulation, decreased TG hydrolysis in the liver, decreased fatty acid oxidation in the liver, or decreased secretion of TG from the liver into the circulation. Administration of pyridoxine-deficient diet to weanling rats usually causes a significant decrease in food intake and body weight gain. Table 2 , and Fig. 5 showing incorporation of radioactivity from [1-14C] acetate into serum FFA, suggest that FFA mobilization from the extra-hepatic tissue was not increased in pyridoxine-deficient rats. Audet and Lupien (20) reported that the level of FFA in the serum was lower in pyridoxine-deficient rats than in pair-fed controls, and they suggested that pyridoxine-deficient animals were unable to release as much FFA from the adipose tissue as the control animals, presumably because the fat content of the former was lower. In the present study the epididymal fat content in pyridoxine-deficient rats was shown to be lower than in the pair-fed controls (Table 1 ). In addition, we found that the incorporation of [1-14C]acetate into total lipid of epididymal adipose tissue in pyridoxine-deficient rats was lower than that in the controls (unpublished data).
Lipogenesis in vivo is difficult to measure using radioactive tracer, not only because of dilution of the label by its pools but also because incorporation varies with time after injection of label. The lower incorporation from [l-14C]acetate into liver lipid observed in pyridoxine-deficient rats was partly due to dilution of the tracer (Table 3) . TG synthesis from [1-14C]acetate in pyridoxine-deficient liver was depressed, because the incorporation was less 30min after injection of label, the period 30min post-administration being the lipogenic stage, as reported by Landriscina and Marra (37) and Bruggen et al. (38) . This conclusion is in agreement with that of Angel and Song (21) . Table 6 suggest that decreased decomposition or lipolysis of liver TG was not responsible for fatty liver in pyridoxine deficiency , assuming that lipase activity in vitro reflects lipolytic activity in vivo . Figure 3B indicates that TG synthesized in the liver of pyridoxine-deficient rats was partly secreted or metabolized within 2hr of injection of the label . Thereafter, TG was probably accumulated owing to its influx from the circulation. The reason for increased incorporation of label into fatty acid moieties of liver TG 5hr after injection or delayed removal of TG was not clear .
Certain metabolic alterations observed in the pyridoxine-deficient group such as decreased serum PL and CH concentrations, reduced lipogenesis , and a low level of PC in the liver suggest that these animals were unable to secrete lipoproteins from the liver into the circulation. The lower ratio of total radioactivity of serum TG to that of liver TG in the later phase of the experiment (Table 5 ) is also consistent with the possibility of decreased secretion of lipid from the liver into the blood . Some of the effects of pyridoxine deficiency on liver and serum lipid compositions are similar to those of choline deficiency (39, 40) , but the reason for the decreased level of PC in pyridoxine-deficient liver is not known. Recently, Abe et al. (41) reported that starvation for 4 days decreased the level of PC and inversely increased the PE content of rat liver. These findings suggest that the low level of PC in pyridoxine deficient liver might be caused by starvation or energy deficiency . We recently showed that the level of liver glucose was significantly lower in pyridoxine-deficient rats than in pair-fed controls (24) . Moreover, previously we found that addition of choline to pyridoxine-deficient diet had no effect on the liver lipid content of rats . These findings indicate that utilization of choline might be impaired in severe starvation or pyridoxine deficiency, presumably because of reduced activity of choline phosphokinase (42) . The decrease in PC in pyridoxine-deficient liver might be explained in part by increased PC utilization due to increased secretion of bile (43) 
